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- Final Run Il results

Prospects at LHC
- Effects of pileup

Conclusions

A=7 ‘ 1st and 2nd generation scalar LQ only!\
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Theoretical motivation

» Leptoquarks (LQ) are hypothetical *LQs can have:
particles which appear in many SM -gpin 0 (scalar)
extensions fo explain symmetry «couplings fixed, i.c., no free parameters
between leptons and quarks ~pin 1 (vector)
- SU(5) 6UT model -anomalous magnetic (k,) and electric
- superstring-inspired wodels quadrupole (1;) model-dependent
- ‘colour’ SU(4) Pati-Salam model couplings
- composite models -Yang-Mils coupling: k= 7. ;=0

-Minimal coupling: K,=1, A ;=0

\

technicolor

LQs ire c(:iupled tgulzg;‘h Ileptons and
UarkKs anda ca color, . .
f‘lracﬁonaln elecfgz charge, baryon (B)  Experimental evidence searched:
and lepton (L) numbers - indirectly: LQ-induced &
fermion interactions
- directly: production cross sections at
collider experiments
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LQ at LHC

Single production qg— L LQ, qg— LQ
- strongly depends on A
- possible signatures:
o Pl +jet
o |v+jet
* vvtijet
- Main background: Zjet & tt

g TTITRETI Y -~ - == -=----LQ

ITe

I
|
I

Kol
<

Not considered here = A dependent process
m does not contribute

significantly to 27 & 3%

* Pair production generation

- Practically q4—LQ gg—LQ LQ
independent of o« L
Yukawa coupling _ . g Lo g wowe LQ
(only g-LQ-VQverted . |° };m:: Lo

- Depends wmainly on LQ q >m La . g @ gm.m _____ La
mass 9 :" g _LaQ 6" LQ

STe el e
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Leptoquark Decay
Each ggneraﬁqn can
decay info 3 final states: | Exclusive to the Tevatron

b=1

b= 0.5

b=0

This talk! — 314 — lag 21+2j BR = p2

LQ LA — Ivqq [*MET+2j BR = 2p(1-p)

LA LlQ — vvaq MET+2 BR = (1-p)2
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First Gen - ee}j at DF

9.9 q
LQ <
g '/‘ eV
. o
Ia <
g,ﬁ e,V

'SM background
> Drell-Yan*2jets

> Top (Wien)
> QCD/Fakes

9/9/04
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Em = D@ Run Il Preliminary
-"’m.. = A Data
. | ——  Total Bkg
10 - f
RN R T ZIDY Bkg
2 T hE o QCD Bkg
10" 1
0 50 100 150 2 450 300
Mass (GeV)

Preliminary Selection
v2 EM clusters E. > 29 GeV (1 cluster w/ track match)
v2 jets ;> 20 GeV

vZveto (80 <M, < 102) GeV
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Do - eejj Results

Final event Selection 3 | D@ Run Il Preliminary
- as o B A Data
Scalar Sum of objects By S(eeii) > 450 6eV 5, [ # Total kg
§ |l QCD Bkg
> 7 Top Bkg
z LQ (240GeV)
Signal Acceptance (12 - 33)%Z 1

MILQ) 180 - 280 GeV/c?

00 700
S, (GeV)

No' Exp ’ 0'4 1 0'1 % 1F DQDZU: ::I;\:“Tiznsasriev
Observed 0 “’
95% CL M, ,<238 GeV/c2

o e Ly TR R S NRN N
200 220 240 260 280
Scalar Leptoquark Mass (GeV)
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CDF - eejj

CDF Selection §
v 2 electrons (CC,CE) E, > 25 GeV 2 o
v 2jets, EAj1) > 30 GV, E(12)> 15 eV -
v ZVe’ro(76<Muu<110)GeV
v Muon/Jets: E il + g i2t2), 8§ GeV / R S 0 oo

Esdal) + Efe2) (GeV)

o CEA)+E N2+ (€ Le,) +Ele,N?) 125 200 Gev

CDF Run Il Preliminary (203 pb ) |

Signal Acceptance ~(32 - 40)%
M(LQ) ~200 - 320 GeV/c?

Luminosity 203 pb-! _ |
Acceptance  (32-42)7 N I N
Background  6.2'%1 ,. NI
Observed 4 B N
Exclude at 95% CL M, <230 GeV/c?
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Do Search - ej vj

Selection
S background v 1 electron (w/ ewm cluster - track match) E, > 35 GeV
> W +2jets v MET > 30 GeV : 00 Run i Prefiminary
> }Op (I + ;‘efs and v ZJ'Ejfs o 2.5 GeV % ~
llepton < DPhi (MET jet) > 8¢ LY S
> i e v $,4j1j2,e MET) > 330 6V .
v Mflev)>1306V |
Signal Acceptance (13 - 25)% T e
miLQ) "160-280 6eV/c?

Cross Section*BR [pb]
!

Luminosity 175ph!

Background 4.7 0.8

Observed 2 .
=1 m <194 GeV/c2@ 95% C.L. e
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® ®
CDF - ev))
| Combined Total Acceptance |

Selection g
& 1central electrons with E; > 25 GeV ==
& MET> 60 GeV

& Veto on Znd electron, central loose or Plug
& 2 jets with E; > 30 GeV

& Ap (MET-jet) > 10°

& Ej1)+E(j2)> 80 GeV

& Me-v)>120

& LQ wmass combinations

Signal Acceptance (2 - 22)7Z
m(LQ) "100-280 GeV/c2

le

80

0 E
00 =
50 =
0 L. s T

20— s et S
E 8 ' 3
— ] ‘ 1 7
20— e 3

- ] -
3 coa ! E
o :\ L1 ; L1l T L1l ‘ L1l ‘ L1l ‘ L1 ‘ L1l ‘ L1l ‘ L1l ‘ L1l ‘ L1 \:
100 120 140 160 180 200 220 240 260 280
Leptoquark Mass (GeV/c))

Kinematics x Geometric x Id/Trigger Efficienc

The invariant mass of the electron-jet system and

the transverse mass of the neutrino-jet system are selected
where the jet assignment is made such that the difference
between the electron-jet mass and the neutrino-jet fransverse
mass is minimized.
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CDF - evjj - Mass combination

The peak of the ¢ histogram is fitted with a
gaussian

rough estimate of the spread of the
distribution in the signal region.

Several masses ( 120-160-200-240-280)
tested:
a, 1972

The v-q transverse mass distribution is fitted
including the high mass tail end, with a

Gaussian fo estimate the signal spread.
o 20%.

lg-2) minima LQ_enu200mass31
70 — Entries 990
60 :_ Mean 179.7

E RMS 53.35
50 —

E 2 fndf 22.61/17
40— Prob 0.1623
ale Constant 60.72 +3.082

E Mean  189.2+1.154
20—

= Sigma  23.4211.038
10—

u:ﬂ‘""""""""""‘ rl L oienl emd
0 50 100 150 200 250 300 350 400 450 500
LQ_enu200mass30
M= Entries 990

C Mean 154.8
40—

- RMS 61.5

C 22 indf 16.79 /21
30—

= Prob 0.724

C Constant 37.8+1.935
20—

r Mean  167.6:4.337

L Sigma  39.98+3.315
10 —

ol b bl L
0 50 100 150 200 750 300 350 100 150 500

%o cut around the nominal mass to select LQ candidates of a given mass
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CDF - evj] Results

P -1
Mass 100 120 140 160 180 200 220 240 260 280 CDF Il Preliminary, 203 pb Data
a5k —— LQm =200 GeV/c?
W+2 1.5+09 1.5+0.9 1.5£09 25+113 | 25+113 |25+113 | 2.0+10 2.0+£10 1.5+088 | 0.5+05 ~E
. 0 C
jets & 3=
top 2706 |3.3%06 31205 |2.8%05 25105 203404 | 163+04 |108+03 |08+022 |06 021 % 25—
2 o
Z+jets 005 005%0.01 | 0.08+0.02 | 0,08+0,02 | 0.08+0.02 | 0.08+0.02 | 0.06+0.02 | 0.06+0,02 | 0.04+0.01 | 0.04+0.01 § E
+0.01 = 15
Total 43+103 |49 +105 |47 +11 |S54+12 |[50+12 |[46+123 |[3.7+106 |3.1+10 |23+09 |1.1+06 1=
Data 7 6 4 4 4 4 2 2 2 1 05 L
= L I A AL R
T B 0 50 100 150 200 250 300 350 400 450 500 ,
‘ CDF Run Il Preliminary (203 pb ) | Invariant Mass e-jet (GeV/c ")
=10 T T CDF Il Preliminary, 203 pb'1 Data
g - Theoretical Cross Sections, Phys Rev Lett 79, 341, '97 3=
=~ r CTEGAM, =M |4 E —— LQm =200 GeVic?
E_ L CTEQ4M, Q=05 2M o 2.5}
-~ r 95 % CL CDF Upper Limit « =
& per Limi 2
X 1 = — o 2
<) = 3 |
C N ° [
C ] D 15—
L | 2
E
[ - 3 =
Z 1
4 £
107 — = E J
E 3 05—
“m(LQ) > 176 GeV’ E i
L — C .88 8 8 ,,, ] 000 L
% 50 100 150 200 250 300 350 400 450 500 .,
B Transverse Mass jet-MET (GeV/c ")
2
10 = =
Bttt o W e

100 120 140 160 180 200 220 240 260 280

Leptoquark Mass (GeV/c’) L um | nos |ty 2 0 3 p b_1
Exclude at 95% CL M, <176 GeV/c?
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2n4 Gen. -- yj uj CDF Search

a.q q
LQ <
g . ," LL,Y
‘- q
a <
gsa l,[.,\"'

'SM Backgrounds

> Drell-Yan+2jets

> Fakes
> Top (W—vu)

Selection

Pr(y)) + Pr(y) [GeV]

< 2 muons with P, > 25 GeV

* 2 jets with E{j1,j2) > 30,15 GeV

LR R B L R R L L

% Dimuon Mass Veto:

& 76 <M, <110, M, < 15 GeV R

2 Edj, )+ EG,) > 85 GeV and Plu,) + P lu,) > 85 GeV

4

D)

e CIEG,) + EAj N2+ (P (u,) + PAu,N2) 172 5 200 GeV

L)

. Combined Total Acceptances

-4 | —— CMX-TRK

6 —a— With Tracks

—=— No Tracks
—e— CMX-CMX
—=— CMUP-CMX
—— CMUP-CMUP
—— CMUP-TRK

Luminosity 198ph-!
Background 31212
« 1 Observed 2

~2.5x

Exclude at 95% CL

M, o< 241 GeV/c?

Leptoquark Mass (GeVIci)

Simona Rolli, TeV4LHC
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2"4 Gen. --yj uJ Results

CDF Run I.I Preliminary (198 pb)

B‘ T } T T T ‘ T T T | T T T | T T T ‘ T T T | T T T | T T T
2 1 = Theoretical Cross Sections —
N - Phys Rev Lett 79, 341, '97 .
X § —— CTEQ4M, Q= Mg ]
© CTEQ4M, Q=052 M -
-1
10 B CDF upper limit, 95% CL  —
~ Search for 2" Generation |
- Scalar Leptoquarks, § =1 7
-2
10" M, > 241 GeVi/c? =
L i L } L i L I L i I { l l l ‘ | | l '\ | | | l l | ‘ l l l | l | | | l l :\ SIQ 2-5_: D® Run II PrEIiminary
160 180 200 220 240 260 280 300 320 — ] B=BRLQ—>uj)=10
Leptoquark Mass (GeV/c?) © 29 =\« N 9 cross secan
b <=veie LO cross section
1 _5—: —®&— 95% C.L. upper imit, B=1
1-
0.5 -
140 160 180 200 220

M(LQ,) [GeV]

9/9/04 Simona Rolli, TeV4LHC 14



CDF - uvj:i

S e I eCti o n | Kinematic Acceptances
Z vetod {tightflngse pair{}: N S
'SM background No 2% muon (CMUP, CMX, or g =i e
stubless) € 08 e Tt
> W +2jets P.(1)> 25 GeV § r : o B
> Top (I + jets and dilepton) | Fr> 60 GeV o y = *
Q B 5 P
> Q aKes ﬁtb{l‘-fér}‘:-l 75¢ ﬂtb{ETsjEtS}:’ED 5”-2 -_q%j:% 5P
ETUEHHET{]EE} >80 GeV o 1jm 1;0 1tlm 2-:;0 zzn z:m 2;;0
M. (E,,Muon) > 120 GeV/c? Leptoquark Mass (GeVic )
M(w.j;) = Mgl <20, Mass Cut [ ) L]
or Ll E BT R LG
Miwlp) =Ml < 20, M (E..J,) > T, (min) . e S
or i
Sigma's determined from MT{ﬁTJE} = Tz{min} CNTT 0 PRI SR ot B ¥ 5
generafor-level matched ; ) (M) E
reconstructed objects. T (min) = [ o . gl
[ 20 + (M_, — 120) GeWcJ ] ] J’ ‘
E’z(min) = } W l‘ (lblwr
20 + (M_, — 120)/2 GeV/c fjh, " lf'-l, L ;‘% _;, h
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CDF - uvj:i

Final Selection

140

160

180

200

220 240 260
W 092+006 1.44+010 144 +010 1.67 0.1 165+ 0.11 093 +0.06 0.44 +0.03
Top 169021 184023 135+0.17 1002039 (080+029 067 +0.08 0.52+0.06
Z 0.18+0.01 022+0.02 0.19+0.01 0.18+0.01 0.14 + 0.01 0.05 +0.00 0.04 +0.00
QCD 029+029 029+029 029+029 029+029 (p29+029 029+0.29 0.29+0.00
Total 3.09+057 3.74+062 322+056 3.08+053 283+051 194 +044 1.30+0.39
Data 3 3 2 0 0 0 0
CDF Run Il Preliminary (198 pb'1}
_— o ! | L ! ! ! pET
-E_ Theoretical Cross Sections
= ,L Phys. Rev. Lett. 79, 341 (1997) |
. . - o Tt CTEQ4M, Q=M g ]
Luminosity 198pb < | CTEQAM. Q- 05M.. 2. |
<0 CDF upper limit, 95% CL |
o) LQLQ —-nqgvqg
10-1 - =
Exclude at 95% CL : :
- M, > 175 GeV/c? .
M o < 175 GeV/c? > 175 Gole
.| Search for 2" Generation B
_Scalar Leptoquarks :

1 1 1 1 1 |
180 200 220 240 260

Leptoquark Mass (GeV/c 2)

140 160
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Prospects for the future

2 fb! Assuming the same acceptance as now

5 tb-!

=

Al =L
@ 9/9/04 Simona Rolli, TeV4LHC 17
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Leptoquarks in ATLAS

V.A. Mitsou, I. Panagoulias, Th. Papadopolou,
Physics at LHC, Vienna 2004

ATLAS aAtlantis  Event LOLO{1500)-eeqq

- PYTHIA
+ qq—1QLlQ

« g9 — LQLQ
- ATLAS fast simulation
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2 leptons + 2 jets topology

33
Signa
1010 — I'glq Background
15t and 2 generation LQs - QOD: huge, but eliminated after
high-p; isolated leptons and high-wy,
o (fb) cuts are applied
(“4:;{,) e e - Drell-Yan: eliminated by high-wy cut
1.0 5.0 4.8
12 13 13 Frocess”
1T 0.71 0.68 Zjet (Ilu) ),
1.5 0.22 0.21 e
1.7 0.074 | 0.070
2.0 0.015 | 0.014
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2 letpons & 2 jets topology

First level cuts:
At least 2 jets with p»30 GeV and In<5.0
2 same-flavour, opposite- sign leptons with p>30 GeV and Inl < 2.5

H ALLCHAN 148.1 {HEALLCHAN 1482
:[ ALLCHAN 3010 _j ALLCHAN 172.0 1.5H-ALLCHAN 78.06 | 15 r
20— 4;— ; r It 61—
35 1= | . 10~ o
ol i3 - | signal : :
- = 0.5+ 5 ; 20
L e 1:_ F 0: T SR BB o Cpg |
0 I [l o 1 [ | I 0 250 3500 02 5000
0 - 500 0, 1000 10”2 1000 Epmiss (GeV) x 10 LE, (GeV)
x 102 Py (GeV) x 10 pTl (GeV) my, (GeV) A A 20E+06 [ ALLCHAN __ 0.4920E+06
[[ ALLCHAN  0.8227E+06 2000’ ALLCHAN _ 07325E+06 | 2000-ALLCHAN  03662E+06 800001__ 1500
20007 H 60000[}-
H i y 00000 ] i
i 15000+ 1500 jy 1000
I 7 40000
[ 1N 1000 N
Loooll 1000 i bClegr'nd - 500
T 20000*[\ L
500 500 M L
L = o RS BRI 0 I I 1 I |
0 R L | L 0 Yo L L Q1 1 L 0 250 500 0 5000
0 ) 500 0 1000 0 1000 Emiss (GeV) ZET (GeV)
pr (GeV) pTl (GeV) m (GeV)

2E.: sum of fransverse energy in
the calorimeters
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Il: my; invariant mass

Im;-m_o| < 100 GeV
# events % .
(a) all combinations 136/399 35% Provides

m; combination

clearest
(b) two leading jets 126/279 45% signal

(c) two leading jets;

- . 98/140 70%
minimum-Am,, combination

[ [ ALLCHAN 399.0 | [ ALLCHAN 279.3 | [ ALLCHAN 1403
B 60— L
60— L
- (a) - (b) sof (c)
40 40 i
- r Zoi
20— [ 201~ [ L
= N ot r J
L | r F“J‘_ : ‘IJ
Oiljl Lo \L ey | 07 F:l Lo L;_.\_‘w R R o=+ rf"\_il [~ 0 o
0 1000 2000 0 1000 2000 0 1000 2000
my; (GeV) m;; (GeV) my; (GeV)
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Ilj): selection cuts

+  Similar cuts imposed for both eejj & uujj channels

+  (Cuts optimized to maximize significance for all leptoquark masses
- at least 2 jets with p,>70 GeV and Inl9.0

- 2 same-flavour, opposite- sign leptons with p;>100 GeV and Inl<2.9
- M, > 180 6eV (to remove Z events)
- E s < 70 GeV (for t background)
- 2E.>570 6eV

- EMiss/2E.< 0.09

- mass window: [m ;-m ol < 100 GeV
- g reconctructed from two leading jets with winimum-Aw,; combination
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Ilj): signal significance

* First generation leptoquarks
+ |ntegrated luminosity (L=30 fb-!

1.5 1.86
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LQ at CMS s

o =l
Er = 393 GeV 2

L

- PYTHIA
« qq— QLA

« g9 — LQLQ

ETr = 619 GeV |

. Abdullin, A NiKEaskn

] L] -
H —_— i —] &
- COMSJET fast simulation - L N E
a0a nus srar : 300 nus 413 —
Cansiani waa || OE Cangiant aman || O
250 Mwan ] o 250 Mean 4 o
200 Slgma 447 200 Sigms 44.T1
150 150
100 100
50 50
a — a
Q 500 1000 1500 ] 500 1000 1500
E . (GeV) E,, (GeV)
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LQ at CMS

Selection cuts

2 isolated leptons (SF OS) with pr > 40 GeV, |5 < 2.4; my; > 150 GeV

At least 2 jets with Eq > 60 GeV | || < 4.5

m(LQ) = 1.4 TeV

Emiss < 185 GeV, ¥ Eg > 1700 GeV, Emiss /S Ex < 0.04

A my; < 310 GeV, the peak window Am = 210 GeV

5 4
° o 04 v

10 103
10° 10°

) 10?
102 10
10 10 10

1 1 1

2000 4000 G000 0 100 200 300

[1] 500 1000 1500 2000 i} 200 400 600 Eﬂﬂ
) > E, (GeV) E,miss (GeV)

pi(GeV) M, (GeV/c
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LQ at CMS - sensitivity

Accepted lj combinations and significance for L = 100 fb!

eejj channel

v

My (GeV) || 900 [ 1200 | 1400 | 1500
Signal 2584 | 1744 | 49 | 24.6
Backeground || 240 | 45.27 | 11.3 | 7.5
o= \fﬁ 49 118 | 6.3 | 4.34
o= % 167 | 259 | 146 | 9.0

Expected 997 C.L. limit
m(lQ) < 1.47 TeV for g = 1
mllQ < 1.2TeV forp=0.9
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LQ at CMS - effects of pileup

I ~2Y interactions per bunch crossing at 1034 em2s°!

>E; increase ~ 800 GeV: 5 5"

No considerable effect on MET

Pegradation of lepton isolation (both - :

track-based and calo-based) 3 =l o a
15% degradation %EE S %
(pr and m dependence) "";;'_ EE % 25 ,,,,,,,,,

] 0.5 1 1.5 2 500 1000
1']IEpt-::nn
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LQ at CMS - mass resolution

ﬂfLQ = \/(ﬁig + pjﬁ,g)z ~ \/ZEg Ej{l — (:{')h'l’;")

a(Mpg) _ o(E;)| | due to the excellent lepton For higI} mass LQ and high
Mpg —  2E; | | energy resolution in CMS energy jets the constant

term dominates

\F i -
ﬂ 1400 Constant 4920.3 ﬂ 100 Constant 66.60 M L S M — +'} 2 "':'EI [-\.
> Mean 5818 | > Mean 876.5 *-1|__JT L - 2 "l T, !
L 1200 Sigma 26.74 @ Sigma 30.12
1000 80 _ _
0 Constant 1662 | 12 Constant 8.302
800 600 60 900 ; 25 Mean 1172 ; Mean 1267.
600 @ sigma ares [P qp Sigma 42.33
400 40 20 8
200 | 20 i 15 1200 ]
o B Lo T o D N ek o)
400 500 600 700 800 700 800 200 1000 1100 10 4
M, (GeV/c?) M, (GeV/c?) 5 5 |1
D L 1 | 1 1 1 I 1 I 0 : 1 1 1 | 1 1 1 | 1 1 1 |
1000 1100 1200 1300 1400 1100 1200 1300 1400 1500
2 2
M, (GeV/c) M, (GeV/c)
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Conclusions

Searches for 1st and second generation LQ’s are currently well
established at the TeVatron:

Current limits are superseeding the existing ones from Run |
Choice of cuts very similar among the 2 experiments

‘ Final reach ~300 GeV/cZ‘

Both ATLAS and CMS have carried on feasibility studies for
searches for 1st and 2nd generation LQ

Cuts very similar to TeVatron

Issue of pile-up discussed in CMS

‘ Final reach ~1500 GeV/cz‘

A=
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